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CHIROPTICAL MOLECULAR SWITCHES 1; PRINCIPLES AND SYNTHESES. 
BEN DE LANGE, WOLTER F. JAGER AND BEN L. FERINGA* 
Department of Organic Chemistry, University of Groningen, 
Nyenborgh 16, 9747 AG Groningen, The Netherlands. 
Abstract The concept and the synthesis of the basic molecules for 
a chiroptical molecular switch are described. This molecular 
switch is based on photochemical interconversion of two bistable 
forms of chiral sterically overcrowded olefins. A large variety 
of these alkenes with different properties have been prepared by 
the use of a coupling reaction between a thioketone and a diazo 
compound. 
INTRODUCTION 
Photochemically switchable bistable molecules have recently attracted 
much attention due to possible applications in reversible optical data 
storage1,2. Important advantages are large increase in information 
storage density theoretically to the molecular level and potential 
applications as components in molecular computing should be possible. 
The use of organic molecules in this field is stimulated by the notion 
that a large variety of photophysical properties might be achieved by 
small changes in the molecular structure. So far research has focused 
on cis-trans isomerization of (aza)stilbenes3,4 and reversible photocy-
clization reactions5,6. 
PRINCIPLES 
The aim of our research is to design and synthesize the molecular 
components for a chiroptical molecular switch, i.e. a system where it 
is possible to switch photochemically between two chiral forms of an 
organic molecule (equation 1). 
EQUATION 1 
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This project is based on two bistable forms of inherent dissymmetric 
alkenes. These compounds are helically shaped chiral molecules with a 
twisted structure. This class of compounds was first reported by 
Feringa and Wynberg7. A representative of this type of molecules is 
shown in figure 1. 
 
FIGURE 1 
These sterically overcrowded structures can exist in two chiral forms, 
a P and M form. By irradiation of a racemic mixture with right or 
left-handed circularly polarized light (CPL), we expect to obtain a 
small enrichment in one of the two enantiomers. The enantiomeric 
excess can be detected by the use of linearly polarized light. Detec-
tion of even a small enantiomeric excess will be possible due to the 
large optical rotations of these helicene type molecules. Important 
requirements for these chiroptical molecular switches are: 
a) both isomers should be thermally stable 
b) both forms should be photochemically interconvertable 
This paper will deal with the synthesis of various structural types of 
these sterically hindered molecules8. 
SYNTHESIS 
A synthetic route to some members of this class of alkenes was repor-
ted in 1978 by Feringa and Wynberg9 using a titanium mediated McMurry 
coupling between two different ketones as a key step to form the 
central double bond. Major disadvantages of this route are. i: the 
selectivity as mixtures of alkenes are obtained which are difficult to 
separate and ii: the strong reducing power of the titanium reagent 
will prevent the introduction of various groups e.g. nitro or carboxy-
lic acid functionalities. 
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Wittig type reactions and Petersons olefination procedures failed to 
give these sterically hindered alkenes even in low yield. These 
results urged the need for a selective and mild synthesis. 
The alkenes could be obtained by using the Kellogg-Barton10,11 method 
for the formation of the central double bond. The key step is the 
coupling between a diazo compound (2) and a thioketone (3) as exempli-
fied in scheme 1. 
SCHEME 1 
Addition of the darkgreen fluorenone-9-thione (3) to the deep purple 
diazocompound (2), in situ prepared by Ag2O oxidation of 4-keto-1,2-
,3,4-tetrahydrophenanthrene hydrazone (1) afforded the episulfide (4). 
The episulfide could be easily desulphurized with copper in boiling 
xylene to afford the yellow alkene (5) (60% overall yield). The struc-
ture of the inherent dissymmetric alkene (5) was established by NMR 
techniques and X-ray analysis. 
This methodology proved to be highly flexible and valuable in the 
synthesis of a large variety of target compounds. Typical examples of 
new inherent dissymmetric alkenes are shown in scheme 2. The synthetic 
route allowed also easy introduction of various functional groups. For 
instance hydroxyl groups, which can be used for attachment of these 
alkenes to polymers, and electron donating and accepting functionali-
ties enabling us to tune the electronic properties of these compounds. 
A chiroptical switch based on molecules of type 9 is described in the 
following paper in this issue. 
  





X = CH2,O,S,SO2 R1= H,CH3,OCH3 
Y = -,O,S,SO2,C(CH3)2,CO,NCH3 R2,R3= H,CH3,CH(CH3)2 
 R4= H,CH3,tBu,OCH3,NO2 
SCHEME 2 
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